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Expression and trypsin digestion of U-
15

N and U-
15

N 
13

C labeled M2TM(19-49) for detergent 

screening of solution NMR 

 BL21(DE3)pLyS E. Coli cells with pET23D(+) plasmids containing the Udorn wt M2 

gene were grown in LB agar plates with 100 µg/ml ampicilin at 37oC overnight. A single colony 

was picked up from the plate to inoculate 5ml LB supplemented with 100 µg/ml ampicilin, and 

was allowed to incubate at 37oC with 200rpm shaking for 8hrs. Next, 0.5 ml of the above cell 

solution was used to inoculate 50ml of minimal media with 1g/L 15NH4Cl, 4g/L glucose and 100 

µg/ml ampicilin and shake at 37oC overnight (for double 15N and 13C labeling, the minimal 

media was supplemented with 1g/L 15NH4Cl, 4g/L 13C glucose) . The overnight culture was used 

to inoculate 1 L of minimal media with 1g/L 15NH4Cl and 100 µg/ml ampicilin. When OD600 

reached 0.7-1.0 (normally after 3hrs), M2 expression was induced with 1 mM IPTG (final 

concentration). Protein expression was halted three hours later by centrifugation at 4˚C for 30 

min. The cell pellet was resuspended in 50 ml of 50 mM Tris (pH 8), 40 mM OG, 150 mM NaCl, 

0.25 µg/ml lysozyme, 0.02 µg/ml DNase I and 500 µM PMSF at 0˚C. The mixture was sonicated 

on ice for 20 min (20% amplitude, 1 s on 1 s off), followed by further reconstitution using a 

homogenizer for 10 mins to make the solution homogeneous. The solution was then centrifuged 

at 15,000 g for 30 mins. The supernatant was saved for Ni-NTA column purification, and the 

pellet was subjected to another round of reconstitution as described above. Finally the 

supernatants from two rounds were combined and incubated with 10 ml Ni-NTA super flow 

resin (Qiagen) and 20 mM imidazole at room temperature for 30 min with gentle shaking. The 

column was washed successively with 50 mM Tris (pH 8), 150 mM NaCl, 40 mM OG, 20% v/v 
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glycerol, then 50 mM Tris (pH 8), 20 mM OG, 20% v/v glycerol, followed by 50 mM Tris (pH 

8), 4 mM OG, 20% v/v glycerol, 20 mM imidazole. Finally, the M2 protein was eluted with 50 

mM Tris (pH 8), 4 mM OG, 20% v/v glycerol, 300 mM imidazole. The purity of M2 was judged 

by gel electrophoresis and HPLC to be >95%. Full length M2 was digested by TPCK-trypsin 

(Thermo Fisher, cat # PI-20233, 10mg/ml) in the elution buffer overnight at 37˚C. The resulting 

solution was separated by C4 reverse phase HPLC with linear gradient of 70% B’ to 95% B’ 

(Eluent A: 89.9% H2O + 10% isopropanol + 0.1% TFA; Eluent B: 59.9% isopropanol + 30% 

acetonitrile + 10% H2O + 0.1% TFA) to give two major fragments M2(19-49) and M2(19-53) in 

3:2 ratio. ESI-MS of the A/M2(19-49) was found to be 3507.2411, calculated 3505.8149. 

 

Chemical shift assignment of 
15

N, 
13

C-V27, A30, G34-labeled M2TM(22-46) in the absence and 

presence of Amt and Rmt 

 Val, Ala and Gly have characteristic 13Cα chemical shifts of 62.4 ± 2.9 ppm, 53.2 ± 2.0 

ppm, and 45.3 ± 1.3 ppm, respectively, thus the backbone Cα signals can be unambiguously 

assigned in the 13C HSQC spectra. The Val Cβ chemical shift should be 32.7 ±1.8 ppm, and is 

also straightforward to assign. The methyl carbon and protons of Ala are usually shifted upfield 

by 2.2 ppm and downfield by 0.5 ppm, respectively, compared to the corresponding atoms of 

Val, so the assignment of the methyl group is also clear. The 2D H(N)CA experiment correlates 

the amide 1H chemical shifts with the intra-residue and preceding residue 13C chemical shifts. 

Since the preceding residues of V27, A30 and G34 are unlabeled, the H(N)CA experiments only 

connect the intra-residue amide 1H and 13C chemical shifts. The 2D (H)C(C)H TOCSY 

experiment was used to extend and confirm the 1H and 13C assignments within a spin system. 

The Cα peak of G34 was too weak to observe, which may be due to high dynamics, as supported 

by the weak signals of G34 in both the 13C and 15N HSQC spectra. Nevertheless, G34 assignment 

was obvious after the other two residues had been assigned and because Gly 15N resonates in a 

very unique region of the spectrum (109.7 ± 4.0 ppm). Figure S7A-C show the assignments of 

M2TM in the apo state and in the presence of Amt and Rmt.  
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Figure S1.  The top panels show 2D 15N TROSY-HSQC spectra of 1 mM 15N uniformly labeled 

M2TM(19-49) in the absence (left) and presence (right) of 5 eq Amt, at 313 K in 50 mM DPC 

(50 mM sodium phosphate in 10% D2O and 90% H2O). The spectra were measured on a Varian 

INOVA 600 MHz (left) and 900 MHz (right) spectrometer equipped with a 1H{13C, 15N}-triple 

resonance cryoprobe. Similar to the spectra in Fig. 1, upon Amt binding, 1H chemical shift 

dispersion increases, and peak shape and linewidths become more uniform, indicating the drug-

protein complex adopts a well-structured conformation. The bottom panel shows a comparison 
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of TROSY-HSQC spectrum acquired for 15N uniformly labeled M2TM (19-49) in the presence 

of 10 equivalent WJ10 per tetramer (Red) with 1: 100 protein : DPC, and 5 equivalent Rmt per 

tetramer (Blue) with 1: 50 protein : DPC , at 313K, 50 mM Na phosphate in 10% D2O and 90% 

H2O. Except slight shifting of residues G34 and I35, the two spectra superimpose. 
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Figure S2. Aromatic 13C HSQC spectrum of M2TM(19-49) in the absence of the inhibitor WJ10 

(red, A) shows two conformers for W41, one much stronger than the other. Addition of WJ10 

(blue, B) shifts the equilibrium towards the one less populated in the apo state.  Superposition of 

the two spectra (C) clearly indicates that there are no additional new peaks for W41. The 

assignments of the W41 indole ring were based on 2D 1H NOESY spectra recorded in H2O and 

D2O (unpublished data). The sample was the same as described in Fig. 1 of the main text.  
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Figure S3. Overlay of 15N TROSY HSQC spectra of VAG-M2TM(22-46) in the absence (blue) 

and presence (red) of Amt (A) and Rmt (B) to illustrate the perturbation of the backbone 

conformation by drugs. 1H chemical shift changes for all three residues ranged from 0.2 to 0.5 

ppm upon drug binding, showing the drug strongly perturbs pore-lining residues. Lineshape and 

intensity analysis shows that drug-bound peaks of the three residues are more uniform than the 

unbound peaks, indicating that the bound conformation is more homogeneous. The spectra were 

recorded on a 500 MHz and a 600 MHz spectrometer. The peptide was reconstituted at 1 : 100 

peptide/DPC, pH 7.5 (50 mM sodium phosphate buffer), 313 K, and 2 mM peptide.  
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Figure S4. Overlay of 13C HSQC spectra of VAG-M2TM(22-46) in the absence (blue) and 

presence (red) of Amt (A) and Rmt (B) to illustrate perturbation of the sidechain conformation 

by drugs. Chemical shifts are very similar for all peaks of the two bound forms, suggesting 

similar geometry of the complexes. The peptide was reconstituted at 1 : 100 peptide/DPC, pH 7.5 

(50 mM sodium phosphate buffer), 313 K, and 2 mM peptide.  
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Figure S5. Analysis of the titration data from Fig. 2 of the main text.  The dissociation constant 

was held at various values by setting KD as 0.5 µM (red), 5 µM (Blue), 50 µM (Green) and 500 

µM (Purple), respectively.   The resulting values of N and fitting statistics are shown below in 

Table S1.  Satisfactory fits were obtained with N in the range of 0.88 to 0.94 and KD less than or 

equal to 5 µM.  The quality of the fit deteriorated for KD greater than 5 µM.  
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Table S1: Statistics of fittings shown in the Fig.2 and Fig.S5 for the titration data. 

Best-fit Values        

N 0.88 ± 0.04 1a 4 a 0.94 ± 0.02 0.86 ± 0.02 0.34 ± 0.05 0.0 ± 0.41 

KD (µM) 3.9 ± 1.7 0.0 ± 

74 

0.0 ± 4.4 

×102 

0.5 a 5 a 50 a 500 a 

R2 0.97 0.96 -0.55 0.96 0.96 0.91 -0.34 

Absolute sum 

of squares 

0.31 0.40 14  0.34 0.31 0.76 12 

 

a: Values fixed in the fitting.  
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Figure S6. Amantadine remains bound in the pore in the presence of a large excess of drug, as 

assessed from intermolecular NOEs detected in the difference spectrum. The upfield region of 

the 2D (13C)-edited NOESY spectrum (200 ms mixing time) of M2TM with 20 eq protonated 

Amt (left) and deuterated Amt (middle) at 313 K gave rise to a difference spectrum (right) that 

shows the same intermolecular NOEs between Val27 and the drug as when the drug was present 

at much lower molar excess (Fig. 2). 
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Figure S7. Chemical shift assignment of VAG-M2TM(22-46) in DPC micelles. (A) In the 

absence of drug. (B) Bound with Amt. (C) Bound with Rmt. The peptide was reconstituted at 1 

: 100 peptide/DPC, pH 7.5 (50 mM sodium phosphate buffer in 10% D2O, 90% H2O), 313 K, 2 

mM peptide (monomer concentration), and 1 mM Amt or Rmt.  

 


